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Motivation for Highly-integrated, Silicon Carbide-Based
PHEV Charger
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ADEPT Program - Development of a 5 kW Plug-In Charger for

Toyota Prius

Goals

Develop a Mult-Chip Power
Module (MCPM) for >500 kHz
Operation

Develop high-speed 1200V, 20A
SiC MOSFET with isolated,
integrated SiC gate drive

Topology with >94% efficiency, >
5kW/kg, > 100W/in3

Small, lightweight, few materials,
low cost

Integrate into Prius vehicle and
demonstrate operation
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Proposed Next Generation
High Frequency Charger

Present Plug-in Charger
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SiC Power MOSFET Must Be Optimized For High Frequency

P ammaE
= Program Challenge: Power MOSFET & s
process not optimized for Integrated e & i |
Circuit (IC) implementation \& e
— Limited options in design layers EEEma

» Power MOSFET On-Resistance
Targets 33% Reduction

Aluminum

— MOS channel resistance,

Spreading resistance are dominant
components

Intermetal Dielectric

I Degenerately doped Poly Si Gate I
Gate Oxide

éRJFET

Rspread AN é W,

RDrift

10 um, 6 x 10*° cm= n-epi-layer

N* 4H-SiC substrate

Drain
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First-of-Kind Integrated, Isolated Gate Drive/Power
MOSFET for Ultra-High Switching Frequencies

» Integrated Gate Drive - Compatible
with SIC Power MOSFET Process

— Gate driver design will be
Implemented using only nMOS

= An accurate CAD environment must "
be developed for IC integration Process Characterization
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PHEV Charger Development Uses Silicon Carbide
Components & Proven MCPM Technology

Single Chip IC

« Key Attributes ke Camnacar
— SIC power MOSFETS Direct Attach
— SiC gate drive ICs Signal Connects

Baseplate

— Si high temperature controls
— High temperature packaging

RF Control
Signal Routing

(>200 °C) Substrate
— High frequency & low Signal
paraS |t| CS Connectors RF Power

Signal Routing

— High temperature die attach
— High temperature passives

Integrated
EMI Shielding

Silicon
Control ICs
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Low-Cost, Highly-Integrated SiC Module Will Be
Demonstrated in a Toyota PHEV

* AToyota Plug-In HEV _ _
Prius is being N> -
delivered for insertion
of SiIC-based 5 kW
Charger unit

— 10x smaller
— 10x lighter

— Lower cost
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